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I. INTRODUCTION 

I n  t h e  sea rch  f o r  renewable a l t e r n a t e  energy sources ,  s o l a r  seapower 
or  ocean thermal energy conversion (OTEC), a s  an a l t e r n a t e  technology, has  
emerged as one of t he  promising op t ions .  This  technology would u t i l i z e  a 
r e source  t h a t  i s  t h e  wor ld ' s  l a r g e s t  s o l a r  c o l l e c t o r  and one which 
comprises 70% of t h e  E a r t h ' s  surface--the sea.  

I n  the  OTEC Act of 1980, t h e  Nat ional  Oceanic and Atmospheric 
Adminis t ra t ion (NOAA) was mandated the  r e s p o n s i b i l i t y  f o r  t h e  
establ ishment  of a program which would he lp  f o s t e r  t he  development of OTEC 
as a commercial energy technology. I n  t h e  process ,  p rov i s ions  f o r  t he  
p r o t e c t i o n  of the marine environments a t  t he  p o t e n t i a l  OTEC s i tes  and 
c o n s i d e r a t i o n s  i n  minimizing adverse impacts on o t h e r  u s e r s  of t h e  ocean 
must be emphasized. 

The program was formally e s t a b l i s h e d  when NOAA issued t h e  
environmental r e g u l a t i o n s  f o r  l i c e n s i n g  commercial OTEC p l a n t s  i n  J u l y  1981 
(Fede ra l  Reg i s t e r  1981). 
e x i s t i n g  r e g u l a t o r y  framework, such as the Clean Water Act,  t h e  Clean A i r  
Act,  t h e  Endangered Species Act, and the  F i sh  and W i l d l i f e  Coordinat ion 
Act. 

The r e g u l a t i o n s  r e l y  predominantly on the  

I n  accordance with the  r e g u l a t i o n s ,  NOAA prepared an environmental  
impact statement which expressed the  need f o r  f u r t h e r  i n v e s t i g a t i o n  i n t o  
the  u n c e r t a i n t i e s  of environmental  e f f e c t s  (NOM 1 9 8 l ) ,  culminat ing i n  an 
environmental e f f e c t s  r e sea rch  plan ( N O M  1982). 

The r e sea rch  plan i d e n t i f i e d  two a r e a s  of r e sea rch  t h a t  a r e  c r i t i c a l  
t o  NOAA's i q e d i a t e  r e s p o n s i b i l i t i e s  : t he  d i r e c t  l i c e n s i n g  requirements 
and the  e f f e c t s  upon f i s h e r i e s .  Th i s  r e p o r t  summarizes the  p e r t i n e n t  
information of t he  e f f e c t s  upon f i she r i e s - - those  of b i o t a  a t t r a c t i o n  and 
avoidance due t o  the  presence of t h e  OTEC p l a n t s .  

Biota  a t t r a c t i o n  and avoidance due t o  the  presence of an OTEC p l a n t  
w i l l  be highly dependent upon t h e  p l a n t ' s  s t r u c t u r a l  design.  
OTEC p l a n t  des igns  have been c l a s s i f i e d  i n t o  two gene ra l  c a t e g o r i e s :  
oceanic  p l a n t  s h i p s  and land-based f a c i l i t i e s .  

The proposed 

The oceanic  p l a n t  s h i p s  could be f r e e - f l o a t i n g  o r  moving slowly under 
t h e i r  own power as they fo l low optimum thermal g r a d i e n t  cond i t ions .  
Included among these  des igns  are t h e  experimental  OTEC p l a n t  s h i p s ,  "Mini- 
OTEC" and "OTEC-1," which were moored o f f  Keahole Po in t ,  Hawaii 
(F igu re  1) .  These p l a n t  s h i p s  are a n t i c i p a t e d  t o  e x h i b i t  t h e  a t t r a c t i v e  
p r o p e r t i e s  c h a r a c t e r i s t i c  of f lotsam and f i s h  aggregat ing devices  (FAD's) 
employed throughout t h e  P a c i f i c .  

A s  t h e  name implies ,  land-based f a c i l i t i e s  i nc lude  p l a n t  des igns  
t h a t  are land-based o r  shelf-mounted such as man-made i s l a n d s  and towers 
(F igu re  2)  and would s e r v e  as a r t i f i c i a l  r e e f s .  The towers i n  p a r t i c u l a r  
should e x h i b i t  a t t r a c t i v e  p r o p e r t i e s  very s imi l a r  t o  those of o f f s h o r e  
d r i l l i n g  platforms i n  the  Gulf of Mexico where t h e  s t r u c t u r e s  have proved 
in s t rumen ta l  i n  t h e  development of a r e c r e a t i o n a l  f i s h e r y .  It appears  t h a t  
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whatever OTEC p l an t  des ign  is used, a t t r a c t i o n  of marine organisms t o  the  
s t r u c t u r e s  would be i n e v i t a b l e .  A s  i nd ica t ed  by Yuen (19811, long-term 
e f f e c t s  on t h e  l o c a l  popula t ion  i n  the  environment w i l l  depend upon t h e  
types ,  s i z e s ,  and numbers of organisms a t t r a c t e d  t o  the s t r u c t u r e .  There 
may a l s o  be p o s s i b l e  e f f e c t s  on populat ions such as i n t e r f e r e n c e  with o r  
mod i f i ca t ion  of breeding h a b i t s  o r  migra t ion  rou te s .  Some p o t e n t i a l  
environmental  impacts and m i t i g a t i n g  measures r e l a t e d  t o  b i o t a  a t t r a c t i o n  
and avoidance a r e  presented  i n  Table 1. 

I n  a d d i t i o n ,  Su l l ivan  e t  a l .  (1981) a l s o  specula ted  t h a t  t h e  increased 
popula t ion  near  t he  p l an t  would compound environmental  impacts ,  i nc rease  
t h e  d i f f i c u l t y  of monitor ing environmental  e f f e c t s  r e s u l t i n g  from plan t  ? 

opera t ion ,  and p o t e n t i a l l y  inc rease  the  r i s k  of d ive r - r e l a t ed  acc iden t s  due 
t o  the  a t t r a c t i o n  of sharks .  

11. ATTRACTION OF MARINE ORGANISMS 

A. Open Ocean P lan t  Ships  

1. Observat ions of a t t r a c t i o n  t o  f l o a t i n g  o b j e c t s  

A s  p rev ious ly  mentioned, an oceanic  p l an t  s h i p  i s  a n t i c i p a t e d  t o  
e x h i b i t  a t t r a c t i v e  p r o p e r t i e s  c h a r a c t e r i s t i c  of f lotsam. Many pe lag ic  f i s h  
spec ie s  have long been known t o  aggrega te  around n a t u r a l  and man-made 
o b j e c t s  and s t r u c t u r e s  i n  t h e  sea. Th i s  phenomenon i s  ev ident  f o r  a l l  
o b j e c t s  and s t r u c t u r e s  occupying the  water  column and thus has  provided 
p o t e n t i a l l y  good f i s h i n g  areas f o r  s p o r t  and commercial f ishermen. 
Throughout t h e  P a c i f i c ,  an understanding of f i s h  aggrega t ion  has  proved 
ins t rumenta l  i n  t h e  development of t h e  pe l ag ic  f i s h e r y  around FAD's and i n  
the  evo lu t ion  of t he  man-made FAD's. 

The a t t r a c t i o n  of f i s h e s  t o  f r e e - f l o a t i n g  and anchored o b j e c t s  o r  
s t r u c t u r e s  has  been s tud ied  throughout the  wor ld ' s  t r o p i c a l  and s u b t r o p i c a l  
waters. The o b j e c t s  t o  which f i s h e s  have been observed t o  a s s o c i a t e  with 
inc lude  d r i f t i n g  seaweed (Senta  19661, dr i f twood (Yabe and Mori 1950; 
Inoue e t  a l .  1963; Hunter and Mi tche l l  1967; Inoue e t  a l .  19681, man-made 
r a f t s  (Kojma 1960; Gooding and Magnuson 19671, and a r t i f i c i a l  s u r f a c e  o r  
midwater s t r u c t u r e s ,  i nc lud ing  the  commercial FAD's (Hunter and Mi tche l l  
1968; K l i m a  and Wickham 1971; Wickham e t  a l .  1973; Wickham and Russe l l  
1974; Matsumoto e t  a l .  1981).  

Behavioral  observa t ions  of f i s h  fauna around f lo t sam by Hunter (1968) 
revea led  t h a t  a l l  spec ie s  and a l l  i n d i v i d u a l s ,  l a r g e  o r  s m a l l ,  aggregated 
near  t h e  ob jec t  i n  the  presence of a f r i g h t  s t imulus .  I n  a d d i t i o n ,  f i s h e s  
appeared t o  p r e f e r  t he  o b j e c t  of t h e i r  o r i g i n a l  a s s o c i a t i o n  ( a l s o  observed 
by Hunter and Mi tche l l  (1967)) .  
Hunter a t t ached  a second o b j e c t  t o  an ob jec t  which had an e x i s t i n g  
popula t ion ,  and separa ted  the  two o b j e c t s  a f t e r  a 24-hour wa i t ing  per iod.  
The r e s u l t  w a s  a continued a s s o c i a t i o n  wi th  t h e  o r i g i n a l  o b j e c t ,  u n l e s s  t h e  
o b j e c t  w a s  completely removed from t h e  water. Fishes  were a l s o  found t o  be 
a t t r a c t e d  t o  anything t h a t  d r i f t e d ,  and on occasion i n  a d d i t i o n  t o  t h e  
numerous r e s i d e n t  j u v e n i l e s ,  schools  of t r a n s i e n t  spec ie s  were a l s o  
observed t o  aggregate .  A s  t i m e  progressed,  l a r g e r  f i s h e s  appeared t o  

This  w a s  ev ident  when i n  h i s  s t u d i e s ,  



3 

dominate t h e  f lo t sam populat ion,  a l though occas iona l  t r a n s i e n t  schools  
sometimes mixed wi th  the  r e s i d e n t  populat ion of j uven i l e s .  

Other i n v e s t i g a t o r s  have made va r ious  observa t ions  on f i s h  popula t ions  
around f lotsam. Hunter and Mi tche l l  (1967) found t h a t  t he  c o l o r a t i o n  of 
f i s h e s  was r e l a t e d  t o  t h e i r  a s s o c i a t i o n  behavior.  The darker  co lored  
spec ie s  were found t o  remain c l o s e r  t o  the  f l o a t i n g  o b j e c t  than t h e  
l i g h t e r ,  s i l v e r y  f i s h e s .  Wickham e t  a l .  (1973) provided evidence t h a t  t h e  
d i s t a n c e  o f f s h o r e  o r  t h e  depth  of t he  s t r u c t u r e s  may have a f f e c t e d  t h e  
spec ie s  and number of f i s h e s  a t t r a c t e d  and caught. 

2. Theories  a s soc ia t ed  wi th  f lo t sam a t t r a c t i o n  

Whereas f i s h  a t t r a c t i o n  t o  f lo t sam is  w e l l  documented, t h e o r i e s  as t o  
why they are a t t r a c t e d  t o  f lo t sam a r e  s t i l l  specu la t ive .  Seve ra l  
hypotheses have been proposed. Gooding and Magnuson (1967) suggested t h a t  
f l o a t i n g  o b j e c t s  served as c leaning  s t a t i o n s  where e x t e r n a l  p a r a s i t e s  of 
pe l ag ic  f i s h e s  were removed by o t h e r  f i s h e s .  I t  has been suggested t h a t  
f lo t sam provides  shade f o r  f i s h e s  (Suyehiro 19521, produces shadows t o  make 
zooplankton more v i s i b l e  f o r  f i s h e s  t o  feed  upon (Damant 1921) ,  and serves 
as a s u b s t r a t e  f o r  f i s h e s  t o  l a y  t h e i r  eggs (Besednov 1960). 
hypotheses have suggested t h a t  f i s h e s  a r e  a t t r a c t e d  t o  f lo t sam because t h e  
d r i f t i n g  o b j e c t s  func t ioned  as school ing companions (Hunter and Mi tche l l  
1967) and t h a t  f l o a t i n g  materials provided s p a t i a l  r e f e rences  around which 
f i s h e s  could o r i e n t  i n  an o therwise  uns t ruc tured  pe lag ic  environment. (Klima 
and Wickham 1971).  Suyehiro (1952) proposed t h a t  f i s h e s  u t i l i z e  f l o a t i n g  
o b j e c t s  as a means of seeking s h e l t e r  from p reda to r s ,  e s p e c i a l l y  f o r  t h e  
smaller f i s h e s  which would be more s u s c e p t i b l e  t o  preda t ion .  I n  t u r n ,  
Kojima (1956) suggested t h a t  l a r g e r  f i s h e s  aggrega te  around f l o a t i n g  
o b j e c t s  t o  prey upon the  smaller f i s h e s .  

Other 

It appears  t h a t  a l though some hypotheses a r e  v a l i d ,  no s i n g l e  
b i o l o g i c a l  a s s o c i a t i o n  o r  adap t ive  advantage can exp la in  t h e  aggrega t ion  of 
f i s h e s  around f lotsam. I n  a g iven  environment the  a s s o c i a t i o n  of f i s h e s  t o  
f lo t sam may be  species-dependent.  

3. Impact upon f i s h e r i e s  

F ish  aggrega t ing  devices  have thus become ins t rumenta l  i n  oceanic  
f i s h e r y  development. Although f i s h i n g  around FAD's has been p r a c t i c e d  i n  
Japan and i n  the  Ph i l ipp ines  f o r  many yea r s ,  it wasn ' t  u n t i l  r e c e n t l y  t h a t  
t he  use  of FAD's f o r  la rge-sca le  commercial f i s h i n g  was f i r s t  developed i n  
the  Ph i l ipp ines  (Chikuni 1978).  Since then ,  23 c o u n t r i e s  have deployed o r  
a n t i c i p a t e  deployment of FAD's t o  ass is t  t h e  l o c a l  a r t i s a n a l  f i s h e r i e s  as 
w e l l  a s  t he  commercial f i s h e r i e s  (F igure  3 ;  Shomura and Matsumoto 1982).  

Not a l l  of t he  FAD's being u t i l i z e d  i n  t h e  va r ious  areas are of t h e  
same design.  Table  2 summarizes the  va r ious  types ,  number, and longevi ty  
of t h e  FAD's p r e s e n t l y  being used and those  planned f o r  f u t u r e  deployment. 
The e a r l y  FAD's were s imple bamboo r a f t s  (no t  n e c e s s a r i l y  equipped wi th  
suspended midwater a t t r a c t a n t s )  anchored i n  more p ro tec t ed  water. The use 
of FAD's then extended i n t o  deeper waters and eventua l ly  t o  the  open ocean 
where adverse  cond i t ions  demanded s t u r d i e r  cons t ruc t ion .  Developmental 
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s t u d i e s  t o  achieve t h i s  a t  t h e  Nat ional  Marine F i s h e r i e s  Se rv ice ,  Southwest 
F i s h e r i e s  Center  Honolulu Laboratory (HL) produced a buoy-type FAD 
u t i l i z i n g  two 55-gallon s t e e l  drums. La ter  improvements t o  t h i s  model 
r e s u l t e d  i n  the  s u b s t i t u t i o n  of a r a f t  i n  p l ace  of t h e  55-gallon drums 
(F igure  4;  Matsumoto e t  a l .  1981).  The success  of t h e  HL's des igns  
prompted t h e  Hawaii Department of Land and Natura l  Resources (DLNR) t o  
i n i t i a t e  a f u l l - s c a l e  FAD sys tem.  I n i t i a l l y ,  t h e  D L N R ' s  26 FAD's  were 
cons t ruc ted  of l a r g e  t r a c t o r  t i res  f i l l e d  wi th  polyurethane. 
has s i n c e  undergone modi f ica t ions  t o  a pentasphere design and p r e s e n t l y ,  a 
s i n g l e  sphere  des ign  (F igure  5; [Hawaii.] DLNR 1983). Other P a c i f i c  
coun t r i e s  have s i n c e  implemented t h e i r  own FAD sys t em u t i l i z i n g  t h e  DLNR 
des ign ,  t h e  HL des ign ,  o r  one of t h e i r  own. 

This  des ign  

4. Organisms a t t r a c t e d  t o  f lo t sam 

From t h e  s t u d i e s  by Gooding and Magnuson (19671, Hunter and Mi tche l l  
(19671, and Matsumoto e t  a l .  (19811, i t  seems apparent  t h a t  t h e  dominant 
spec ie s  of f i s h e s  which are a t t r a c t e d  t o  s t r u c t u r e d  f lo t sam are pe lag ic  o r  
nondemersal. A l i s t  of the  animals observed by Gooding and Magnuson 
(1967) from t h e  obse rva t ion  chamber of a d r i f t i n g  r a f t  serves as an index 
t o  the  gene ra l  nektonic  f a u n a l  composition a t  a f l o a t i n g  s t r u c t u r e  (Table 
3 ) .  A broad c l a s s i f i c a t i o n  of the  behavior  ca tegory  ( r e s i d e n t ,  v i s i t o r ,  
and t r a n s i e n t )  of t h e  animals  i n  r e l a t i o n  t o  t h e  r a f t  is  a l s o  presented i n  
the  t a b l e .  By d e f i n i t i o n ,  t he  t r a n s i e n t s  were animals t h a t  d i d  not  appear 
t o  r e a c t  t o  the  raft but were b r i e f l y  v i s i b l e  as they swam by; t h e  
v i s i t o r s  would remain near  t h e  r a f t  f o r  s e v e r a l  minutes t o  an hour but  d i d  
not  aggrega te ;  and t h e  r e s i d e n t s  aggregated and formed an a s s o c i a t i o n  wi th  
the  r a f t .  Some commercial s p e c i e s  which were considered r e s i d e n t  such as 
mahimahi, Coryphaena h ippurus ,  bigeye t r e v a l l y ,  Caranx s e x f a s c i a t u s ,  and 
kahala ,  S e r i o l a  dumer i l i ,  were observed and captured  i n  2 days of f i s h i n g  
a t  the  experimental  p l an t  sh ip ,  "Mini-OTEC" (once labe led  t h e  "world's  
l a r g e s t  f i s h  aggrega t ion  buoy") ( F i e l d  19791, o f f  Keahole Poin t  (Johnston 
and Hicks 1979).  

Target  spec ie s  f o r  t h e  va r ious  f i s h e r i e s  which cap i t . a l i ze  on t h e  
presence of the  buoys a r e  similar.  Tunas dominate the  ca t ch  of the  pole- 
and-l ine,  t r o l l i n g ,  handl ine ,  and purse se ine  boats  f i s h i n g  around FAD's, 
as evidenced by some ca t ch  d a t a  obta ined  from K i r i b a t i ,  Western Samoa, 
F i j i ,  and H a w a i i  (Shomura and Matsumoto 1982).  The experimental  s t u d y  by 
Matsumoto e t  a l .  (1981) provided t h e  most d e t a i l e d  records  of ca t ches  
around FAD's i n  t h e  P a c i f i c .  Table  4 p re sen t s  t h e  1978 c a t c h  of t h e  
commercial pole-and-line boa t s  around t h e  Hawaiian FAD's and Table  5 
p re sen t s  t he  ca t ch  of t r o l l i n g  boa ts  around t h e  FAD's from May 1977 
through J u l y  1979. Matsumoto r epor t ed  t h a t  sk ip j ack  tuna,  Katsuwonus 
pelamis, which represented  nea r ly  90% of t h e  ca t ch ,  dominated t h e  ca t ch  by 
the  pole-and-line boa ts .  These f i s h  ranged from 0.9 t o  5.4 kg and 
sometimes over 9.1 kg. Unlike pole-and-line boa ts ,  t r o l l i n g  boa ts  had a 
much more d i v e r s i f i e d  ca tch .  Tunas (mostly ye l lowf in  tuna ,  Thunnus 
a l b a c a r e s ,  and s k i p j a c k  tuna)  s t i l l  dominated t h e  ca t ch  a l though mahimahi 
c o n s t i t u t e d  the  l a r g e s t  percentage of s i n g l e  spec ie s  caught.  

Another tuna f i s h e r y  which u t i l i z e s  FAD's ( i n  conjunct ion  wi th  an 
a r t i f i c i a l  l i g h t  source)  i n  H a w a i i  i s  the  ika - sh ib i  o r  t h e  n igh t  handl ine  
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f i s h e r y  f o r  tuna.  
extremely simple gea r  ( a  s i n g l e  hook and a l i n e )  a s  compared wi th  t h e  
l o n g l i n e r s  and l a r g e  purse s e i n e r s ,  it i s  an extremely e f f e c t i v e  method as 
i n d i c a t e d  by the  mean c a t c h  r a t e  of approximately two f i s h  per  hook p e r  
n igh t  (Yuen 1979). From 1973 t o  1975, t h e  ca t ch  and va lue  of tuna has 
shown a c o n s i s t e n t  growth from 89,000 kg, valued a t  $131,000, i n  1973 t o  
155,000 kg, valued a t  $328,000, i n  1975 (Table 6 ) .  

Although t h i s  r a p i d l y  growing f i s h e r y  u t i l i z e s  

B. Land-Based F a c i l i t i e s  

1. Platforms and a r t i f i c i a l  r e e f s  

The land-based tower and man-made i s l a n d  designs of OTEC p i l o t  p l a n t s  
a r e  expected t o  f u n c t i o n  as a r t i f i c i a l  r e e f s .  Stone (1974) d e f i n e d  
a r t i f i c i a l  r e e f s  a s  "...man-made or n a t u r a l  o b j e c t s  i n t e n t i o n a l l y  placed 
i n  s e l e c t e d  areas of t h e  environment t o  d u p l i c a t e  those cond i t ions  t h a t  
cause concen t r a t ions  of f i s h e s  and i n v e r t e b r a t e s  on n a t u r a l  r e e f s  and 
rough bottom areas ."  As s t a t e d  by Dugas e t  a l .  (19791, because o f f s h o r e  
o i l  d r i l l i n g  platforms are  constructed s o l e l y  f o r  o i l  and gas product ion,  
they may not f i t  S tone ' s  d e f i n i t i o n  of an a r t i f i c i a l  r e e f ;  however, t h e  
platforms do f u n c t i o n  as a r t i f i c i a l  r e e f s  and the  s t r u c t u r e s  produced a 
new marine ecosystem t h a t  was in s t rumen ta l  i n  t h e  development of an 
o f f s h o r e  s p o r t  f i s h e r y .  The a t t r a c t i v e  e f f e c t s  of a tower OTEC f a c i l i t y  
would appear t o  mi r ro r  those of an o f f s h o r e  d r i l l i n g  r i g .  For t h i s  
summary, t h e r e f o r e ,  o f f s h o r e  platforms and a r t i f i c i n l  r e e f s  w i l l  be 
t r e a t e d  t o g e t h e r  and w i l l  be r e f e r r e d  t o  g e n e r a l l y  as s t r u c t u r e s .  

2. Theories  a s s o c i a t e d  with a r t i f i c i a l  r e e f s  

The a t t r a c t i o n  of f i s h e s  t o  a r t i f i c i a l  r e e f s  may be a t t r i b u t e d  t o  
many of t h e  same reasons given f o r  t h e i r  a t t r a c t i o n  t o  f l o a t i n g  o b j e c t s ,  
i nc lud ing  o r i e n t a t i o n ,  food, s h e l t e r ,  and energy conse rva t ion  (Stone 
1978). The  theory t h a t  f i s h e s  aggregate  a s  a means of energy conservat ion 
was advanced by Stone e t  a l .  (1974) i n  F l o r i d a .  I t  appeared t h a t  f i s h e s  
used p r o t e c t e d  or f avorab le  a r e a s  c r e a t e d  by the presence of a s t r u c t u r e  
which i n  t u r n  dampened o r  d e f l e c t e d  the  s t rong  Gulf Stream. 
c u r r e n t  was s t rong ,  the f i s h e s  crowded i n s i d e  the s h e l t e r e d  area whereas 
they s c a t t e r e d  around or  above i t  when the  cu r ren t  was weak. 

When t h e  

Depending on the s t r u c t u r a l  design,  a t t r a c t i o n  hypotheses such a s  
providing shade f o r  f i s h e s  (Suyehiro 19521, producing shadows t o  make 
zooplankton more v i s i b l e  f o r  f i s h e s  t o  feed upon (Damant 1921),  providing 
a s u b s t r a t e  f o r  f i s h e s  t o  l ay  t h e i r  eggs (Besednov 19601, providing 
s p a t i a l  r e f e r e n c e s  around which f i s h e s  could o r i e n t  i n  an o the rwise  
uns t ruc tu red  environment (Klima and Wickham 19711, and seeking s h e l t e r  
from p reda to r s  (Suyehiro 1952) would appear t o  be v a l i d .  However, a 
combination of t he  v a r i o u s  hypotheses would s t i l l  be r equ i r ed  t o  e x p l a i n  
why such s t r u c t u r e s  are a t t r a c t i v e ,  t hus  i n d i c a t i n g  t h a t  t h e  reasons may 
be spec ie s  s p e c i f i c .  

Unlike f lo t sam,  a r t i f i c i a l  r e e f s  a r e  known t o  be p r o l i f i c  producers 
of food a t  t h e  lower t r o p h i c  l e v e l s .  Algae, t h e  b a s i s  of ocean l i f e ,  
t h r i v e  o f f s h o r e  on hard s u r f a c e s  such as rock o r  concrete ,  provided 
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s u f f i c i e n t  l i g h t  i s  present .  Consequently,  a l g a l  growth i s  most p r o l i f i c  
near  the  su r face .  Although t h e  proposed s t r u c t u r e  would occupy t h e  f u l l  
water column, a l g a l  growth would be l i m i t e d  t o  t h e  areas of t h e  s t r u c t u r e  
w i t h i n  t h e  euphot ic  zone. A s  r epor t ed  by Gunter and Geyer (19551, va r ious  
enc rus t ing  and s e r p u l i d  worms were among t h e  organisms t h a t  took advantage 
of the  a r t i f i c i a l  h a b i t a t  c r ea t ed  by an o i l  platform.  A d e t a i l e d  
d e s c r i p t i o n  of t h e  fauna a t  an a r t i f i c i a l  reef  i n  Santa Monica Bay, 
C a l i f o r n i a  i s  given by Turner e t  a l .  (1969).  The a r t i f i c i a l  r e e f s  were 
cons t ruc t ed  of quar ry  rock,  concre te  s h e l t e r s ,  automobile bodies ,  and a 
s t r e e t c a r .  Table  7 p re sen t s  t he  i n v e r t e b r a t e  fauna of t he  conc re t e  
s h e l t e r  p o r t i o n s  of t h e  r e e f .  

, 
Although a t t r a c t i o n  of f i s h  t o  man-made s t r u c t u r e s  i s  w e l l  

documented, ques t ions  s t i l l  ar ise  regard ing  the  r e l a t i o n s h i p  between 
a r t i f i c i a l  s t r u c t u r e s  and f i s h  product ion.  Mallory (1965) be l i eved  t h a t  a 
s t r u c t u r e  concent ra ted  t h e  f i s h e s  which cons t an t ly  migrated i n  and o u t ,  
thus  se rv ing  as an o r i e n t a t i o n  po in t .  This  was t r u e  f o r  a number of 
s p e c i e s  ( p r i m a r i l y  the  game f i s h e s )  a s soc ia t ed  wi th  f lotsam. Stroud 
(1965) f e l t  t h a t  s i n c e  the  a r t i f i c i a l  h a b i t a t  provides  food and s h e l t e r ,  
reproduct ion  w i l l  be enhanced r e s u l t i n g  i n  an inc rease  i n  product ion and 
y i e l d  of f i s h e s .  A t h i r d  hypothes is  d i scussed  by C a r l i s l e  e t  a l .  (19641, 
Turner e t  a l .  (19691, and Dugas e t  a l .  (19791, combines both viewpoints :  
f i s h e s  are concent ra ted  by recru i tment ,  and, as t h e  co lon iza t ion  
progresses  on the  s t r u c t u r e s ,  a reproducing r e s i d e n t  f i s h  community may 
evolve.  Although t h i s  may hold t r u e  f o r  many of t h e  reef  f i s h e s ,  t h i s  
hypothes is  f a l l s  sho r t  of account ing f o r  o v e r a l l  f i s h  a t t r a c t i o n  as 
evidenced p r imar i ly  f o r  such spec ie s  as the  deeper water pe l ag ic  scombrids 
and b i l l f i s h e s .  

3. A r t i f i c i a l  r e e f s  and f i s h e r i e s  

The knowledge t h a t  a r t i f i c i a l  s t r u c t u r e s  can t u r n  ba r ren ,  
nonproduct ive a r e a s  i n t o  product ive  f i s h i n g  h a b i t a t s  has been app l i ed  a l l  
over  the  world.  The most advanced a r t i f i c i a l  reef  program i s  i n  Japan, 
where va r ious  s t r u c t u r a l  des igns  have been used t o  enhance t h e  Japanese 
f i s h i n g  grounds f o r  more than 200 yea r s  (Sheehy 1981). 
a r t i f i c i a l  s t r u c t u r e s  were deployed by ind iv idua l  f ishermen us ing  s tone ,  
wood, and s c r a p  boa ts .  Since then,  a r t i f i c i a l  reef  programs have expanded 
and the  Japanese Government has supported programs f o r  t he  p a s t  50 years .  

The e a r l y  

I n  1976, t h e  Japanese Government began i t s  cu r ren t  b i l l i o n  d o l l a r  
reef  program. I n  essence ,  t h e  s t r u c t u r e s  deployed i n  t h i s  program a r e  of 
two c a t e g o r i e s :  
p r o f i l e d  gyosho i n  deeper waters (Unger 1966; Sheehy 1981; Ogawa 1982). 

t h e  low-profiled t s u k i i s o  i n  shal low waters and t h e  high- 

The t s u k i i s o ,  meaning "bank bui ld ing"  or "constructed beach, I' i s  
designed wi th  the  i n t e n t  t o  improve t h e  nearshore  bottom cond i t ions  f o r  
such i n v e r t e b r a t e s  as abalone,  l o b s t e r ,  sea  urch in ,  sea cucumber, and 
seaweed. Examples of these  s t r u c t u r e s  a r e  shown i n  Figure 6. 

The gyosho or " f i s h  r e e f "  is designed t o  expand n a t u r a l  r e e f s .  
no t  only inc lude  t h e  bottom s t r u c t u r e s  but a l s o  moored midwater 
a t t r a c t a n t s  and s u r f a c e  FAD's. F igure  7 p re sen t s  some v a r i a t i o n s  of t h e  

These 
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gyosho. Some of the  Japanese designs have s i n c e  been deployed i n  United 
S t a t e s '  waters where, a l though it  was evident  t h a t  t he  p r e f a b r i c a t e d  r e e f s  
were not "tailormade" f o r  North American f i s h e r i e s ,  they could be 
modified. As i n d i c a t e d  by Sheehy (19821, t he  concepts developed f o r  t h e  
u n i t s  may be app l i ed  t o  the  improvement e f f o r t s  i n  scrap-mater ia l  r e e f s ,  
e s p e c i a l l y  the  continued use of t i r e s ,  conc re t e  rubb le ,  s h i p s ,  and 
o f f s h o r e  d r i l l i n g  platforms.  

The Japanese programs have shown t h a t  seaweeds grow w e l l  on small ,  
low o b j e c t s ;  i n v e r t e b r a t e s  a r e  b e s t  a t t r a c t e d  t o  s t r u c t u r e s  w i t h  many 
holes  o r  c r e v i c e s ;  and t h e  higher  and l a r g e r  t h e  s t r u c t u r e ,  t h e  more 
f i s h e s  are a t t r a c t e d  t o  i t  (Unger 1966; Sheehy 1981). 

4.  Organisms a t t r a c t e d  t o  a r t i f i c i a l  r e e f s  

Numerous s t u d i e s  have desc r ibed  the  v a r i e t y  of f i s h e s  which have been 
a t t r a c t e d  t o  a r t i f i c i a l  r e e f s  a t  va r ious  s i t e s .  I n  a l l  s t u d i e s ,  t h e  many 
d i f f e r e n t  s p e c i e s  found gene ra l ly  r e p r e s e n t  similar b a s i c  broad behav io ra l  
c l a s s e s  (such as the  Turner e t  a l .  (1969) r ee f  o r  nonreef a s s o c i a t i o n s ;  
t h e  former f u r t h e r  s p l i t  i n t o  r e s i d e n t  o r  s emi res iden t ) .  
Table 8 i s  a l i s t  of f i s h e s  observed a t  an a r t i f i c i a l  reef  p r o j e c t  i n  
Hawaii, which i s  i n  c l o s e  proximity t o  a proposed OTEC s i t e .  

Presented i n  

Four r e e f s  were e s t a b l i s h e d  a t  v a r i o u s  s i tes  i n  Hawaii between 1960 
and 1973, u s ing  p r imar i ly  c a r  bodies ,  damaged conc re t e  p i p e s ,  and o ld  c a r  
t i res  f i l l e d  wi th  mortar.  The southern boundary of a reef  c r e a t e d  at one 
of t hese  s i tes  (Waianae) on the western coast  of t he  I s l and  of Oahu i s  a t  
l a t .  21025.11N, long. 158011.6'W (Kanayama and Onizuka 1973). This  s i t e  
i s  only 3 m i l e s  from the p re sen t  OTEC benchmark survey s i t e  a t  l a t .  
21019.5'N, long. 158012.5'W (F igure  8;  Jones 1981). 

I n  the study a t  t h e  Waianae a r t i f i c i a l  r e e f ,  sampling along a f i s h  
t r a n s e c t  e s t a b l i s h e d  be fo re  the reef  c o n s t r u c t i o n  i n d i c a t e d  t h e  presence 
of 32 d i f f e r e n t  s p e c i e s  and a s t and ing  crop d e n s i t y  of 103 pounds of f i s h  
per acre .  
between the  pre- and post-reef c o n s t r u c t i o n  t r a n s e c t s  as an index t o  r a t e  
t h e  r e e f ' s  e f f e c t i v e n e s s  i n  i n c r e a s i n g  f i s h  l i f e .  The reef was 
cons t ruc t ed  i n  two s e c t i o n s ,  one composed of ca r  bodies  and the  o t h e r  of 
damaged conc re t e  pipes.  T h i r t y  spec ie s  of f i s h e s  ( s t a n d i n g  crop e s t ima ted  
a t  1,271 pounds per a c r e )  were p resen t  a t  t he  c a r  body sec t ion .  This  w a s  
a t e n f o l d  i n c r e a s e  over t he  pre-reef count.  
showed a f i v e f o l d  i n c r e a s e  of 45 f i s h  s p e c i e s  and a s t and ing  crop 
e s t ima ted  a t  496 pounds per  acre .  The r e s u l t s  of t h e  surveys conducted a t  
t h e  Waianae r ee f  as w e l l  as a t  t h r e e  o t h e r  s i t e s  are presented i n  Table  9 .  

Kanayama and Onizuka (1973) used t h e  change i n  t h e  d e n s i t y  

The concrete  pipe s e c t i o n  

Since o f f s h o r e  platforms occupy the  e n t i r e  water column, t.hey have 
a d d i t i o n a l  a t t r a c t i o n  p o t e n t i a l s .  Epipelagic  f i s h  s p e c i e s  which occupy 
t h e  water column near commercial FAD's have been observed a t  platforms.  
The f i s h  fauna a t  an o f f s h o r e  platform and the  use of t he  water column 
near  t he  s t r u c t u r e  as a h a b i t a t  were d i scussed  by Hastings e t  a l .  (19761, 
i n  t h e i r  study of two o f f s h o r e  platforms (one 32 m deep and the o t h e r  18 m 
deep) i n  the  n o r t h e a s t e r n  Gulf of Mexico (Table 1 0 ) .  
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I n  a d d i t i o n ,  Dugas e t  a l .  (1979) summarized t h e  major game f i s h  
s p e c i e s  which were a t t r a c t e d  t o  and caught a t  p la t forms  i n  t h e  Gulf of 
Mexico o f f  t he  Louis iana coas t  (Table  11 ) .  It was emphasized t h a t  t he  
prof i l e r a t i o n  of o f f  shore  o i l  and gas  p la t forms  has con t r ibu ted  immensely 
t o  the  development of t h e  s t a t e ' s  o f f shore  s p o r t  f i s h e r y .  

C. A t t r a c t i o n  t o  Night I l l umina t ion  

The a t t r a c t i o n  of va r ious  marine organisms t o  l i g h t  i s  a phenomenon 
t h a t  has been used i n  t h e  ha rves t ing  of f i s h  f o r  many yea r s .  
scad,  Decapterus macare l lus ,  and bigeye scad, S e l a r  crumenophthalmus 
(Yamaguchi 1953; Powell 19681, va r ious  s p e c i e s  of tuna (Yuen 19791, and 
squid (Ogura and Nasumi 19761, a r e  caught by t h e  use of n igh t  l i g h t s .  A s  
i nd ica t ed  by S u l l i v a n  e t  a l .  (1981) and Yuen (19811, t he  impact upon both 
p l ank ton ic  and nektonic  organisms a t t r a c t e d  t o  l i g h t  from an OTEC f a c i l i t y  
i s  a major concern. 

Mackerel 

I n  t h e  r ecen t  survey of t h e  f i s h e r y  resources  i n  t h e  Northwestern 
Hawaiian I s l a n d s  conducted by t h e  HL, n igh t - l i gh t  f i s h i n g  was used a s  one 
of t he  sampling methods. The l i g h t  ( a  1,500-W bulb)  was i n i t i a l l y  
submersed t o  21.3 m ( t h e  maximum amount of wire o u t ) .  Af t e r  an hour,  t h e  
l i g h t  would be r a i s e d  t o  about 10 m below the  su r face  and t o  w i t h i n  2 m 
about an hour a f t e r  t h a t .  The purpose f o r  t he  lowering and r a i s i n g  was t o  
a t t r a c t  t he  organisms f a r t h e r  down and draw them t o  the  su r face  wi th  t h e  
l i g h t .  The i n t e n s i t y  of t he  l i g h t  was con t ro l l ed  wi th  a r h e o s t a t .  
Dimming t h e  l i g h t  concent ra ted  t h e  organisms and f a c i l i t a t e d  observa t ion  
and c o l l e c t i o n .  

Genera l ly ,  t h e  f i r s t  organisms t o  appear around t h e  l i g h t  were 
zooplankton. This  was a l s o  observed by Powell (1968). Soon a f t e r  t he  
zooplankton have c o l l e c t e d  w i t h i n  t h e  r a d i u s  of t h e  l i g h t ,  l a r g e r  
organisms appear.  

Among t h e  p o s i t i v e l y  p h o t o t a c t i c  spec ie s  are t h e  b a i t f i s h ,  such as 
the  s i l v e r s i d e s  (Ather in idae)  and small round he r r ings  (Clupeidae) .  
F ly ing f i shes  (Exocoet idae) ,  ha l fbeaks  (Hemiramphidae), f i l e f i s h e s  
(Monacanthidae), and l a n t e r n f i s h e s  (Myctophidae) a r e  a l s o  commonly seen 
around n igh t  l i g h t s  . 

I n  a d d i t i o n  t o  the  mackerel scad, bigeye scad,  squids ,  and tunas ,  
o t h e r  marketable  f i s h e s  taken a t  t h e  n igh t  l i g h t  were the  s q u i r r e l f i s h e s ,  
M y r i p r i s t i s  spp.,  and t h e  red  bigeyes,  Pr iacanthus  spp. 

How much an e f f e c t  t he  l i g h t s  from an OTEC f a c i l i t y  w i l l  have on t h e  
A s  i nd ica t ed  by Laevastu and Hayes (19811, fauna i s  not  p r e s e n t l y  known. 

every spec ie s  has  a p a r t i c u l a r  optimum l i g h t  i n t e n s i t y  i n  which i t s  
a c t i v i t y  i s  a t  a maximum. I t  i s  probable  t h a t  t h e  lux  of t h e  a r t i f i c i a l  
l i g h t s  would f a l l  w i t h i n  the  th re sho lds  of some spec ie s .  

D. Seasonal and Diurna l  Var i a t ions  

The f i s h  community a t t r a c t e d  t o  a r t i f i c i a l  s t r u c t u r e s  v a r i e s  wi th  the  
season. I n  a s tudy of two p la t forms  of f  t he  F lo r ida  Gulf coas t ,  
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d i f f e r e n c e s  i n  f auna l  composition wi th  seasonal  changes were obvious. 
Hast ings e t  a l .  (1976) found t h a t  changes i n  f i s h  fauna were c o r r e l a t e d  
with temperature and t h a t  l a r g e r  numbers of spec ie s  were present  du r ing  
t h e  warmer months of summer and f a l l ,  whereas t h e  l e a s t  were observed 
through the  winter  and spr ing.  The seasonal  e s t ima tes  of abundance (Table  
10) i n d i c a t e d  t h a t  most spec ie s  leave the  a r e a  i n  the  win te r  and g r a d u a l l y  
r e t u r n  i n  t h e  sp r ing  or  summer. 

Among the f ' i shes  which may e x h i b i t  seasonal  v a r i a t i o n  and those most 
apt  t o  be a f f e c t e d  by the  presence of o f f s h o r e  s t r u c t u r e s  a r e  the game 
f i s h e s .  These include t h e  b i l l f i s h e s ,  mahinahi, and tunas.  

The occurrence of a d u l t  male blue mar l in ,  &i&sjx3 n i g r i c a n s ,  appears  
t o  be seasonal  throughout i t s  range (Rivas 1975). In  Hawaii, b lue  mar l in  
catches are highest  i n  sumer and lowest i n  win te r .  S i m i l a r l y ,  t h e  
l a r g e s t  ca t ches  i n  Puerto Rico a r e  made i n  August, September, and October,  
and the  lowest i n  December. I n  t h e i r  study of b i l l f i s h  caught by l o n g l i n e  
i n  the  e a s t e r n  P a c i f i c ,  Kume and Joseph (1969) suggested t h a t  blue mar l in  
segregated i n t o  d i s t i n c t  a r e a l  groups according t o  sex. 

I n  Hawaii, s t r i p e d  mar l in ,  Tetrapterus  audax, occurs  from f a l l  
through sp r ing  and i s  abundant mainly i n  the summer months, i n  complement 
t o  the blue mar l in  (S t r a sburg  1970). The  d i s t r i b u t i o n  of t h e  s t r i p e d  
marl in  i n  i t s  range throughout t he  r e s t  of t he  world i s  a l s o  seasonal  
(Ueyanagi and Wares 1975). 

The abundance of mahimahi is seasonal  throughout i t s  range al though 
the season of peak abundance v a r i e s  g r e a t l y  (Palko e t  a l .  1982). J t  was 
a l s o  r epor t ed  t h a t  because many environmental f a c t o r s  a r e  i n t e r l i n k e d  and 
dependent upon the  p r e v a i l i n g  oceanographic c o n d i t i o n s ,  i t  was probable 
t h a t  the va r ious  f a c t o r s  con t r ibu ted  i n  varying degrees t o  t h e  seasonal  
abundance of the spec ie s .  

The two major commercial tunas i n  H a w a i i ,  t h e  sk ip j ack  and ye l lowf in ,  
a r e  u s u a l l y  a v a i l a b l e  during the  e n t i r e  yea r  although a marked i n c r e a s e  i s  
evident  du r ing  the  warmer months of May t o  September (Schaefer  e t  a l .  
1963; Waldron 1963).  Most i f  not a l l  of t h e  o the r  game f i s h e s  i n  t h e  
world a l s o  e x h i b i t  seasonal  v a r i a t i o n .  General ly ,  oceanographic 
( temperature  and s a l i n i t y )  and environmental i n f luences  determine a l l  t h e  
seasona l  d i s t r i b u t i o n s  of t he  spec ie s .  

Although numerous marine organisms e x h i b i t  d i e l  v e r t i c a l  mig ra t ions ,  
the l a r g e s t  community, t he  v e r t i c a l l y  migrat ing deep s c a t t e r i n g  l a y e r  
i s  too  deep t o  pose a r e a l i s t i c  a t t r a c t i o n  problem. The migratory 
behavior i s  inf luenced by t h e  occurrence of n a t u r a l  l i g h t  (Boden and Kampa 
1967) but no evidence e x i s t s  t h a t  t he  community responds t o  any a t t r a c t i v e  
e f f e c t  posed by a s t r u c t u r e  o r  a r t i f i c i a l  l i g h t  source.  

111. AVOIDANCE OF STRUCTURES BY MARINE ORGANISMS 

Among the major concerns regarding the presence of an OTEC f a c i l i t y  i s  
t h e  impact upon the  marine spec ie s  t h a t  a r e  c l a s s i f i e d  as being endangered 
o r  threatened.  A t  t h e  p re sen t  t ime, not  much i s  known about a t t r a c t i o n  o r  
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avoidance responses of t hese  animals t o  t h e  f a c i l i t i e s ;  t h e r e f o r e ,  impact 
assessments have been mainly s p e c u l a t i v e .  Yuen (1981) i n d i c a t e d  t h a t  t h e  
endangered and th rea t ened  spec ie s  would probably avoid t h e  a r e a  due t o  
human presence and t o  the  no i se  emit ted from the p l a n t .  S u l l i v a n  e t  a l .  
(1981) p re sen ted  a l i s t  of t hese  spec ie s  and t h e i r  d i s t r i b u t i o n  a t  the 
cand ida te  OTEC s i tes  (Table  12 ) .  

Research on f i s h i n g  gea r  and methods i n  t h e  pas t  have concentrated on 
developing f i s h i n g  techniques which u t i l i z e  the  understanding of f i s h  
behavior t o  achieve b e t t e r  catches per u n i t  of e f f o r t .  Thus, emphasis has 
been placed on a t t r a c t i o n  r a t h e r  than avoidance of organisms. Among t h e  few 
s t u d i e s  t h a t  addres s  avoidance was one on the  nega t ive  p h o t o t a c t i c  behavior 
of f i s h .  
shock response.  That i s ,  when the  l i g h t  was turned on, t h e  f i s h  would make 
a sudden upward movement towards the  l i g h t  only t o  l a t t e r  d i s p e r s e  or  
school  and descend. 

Dragesund (1958) found t h a t  h e r r i n g  would sometimes d i s p l a y  a 

S t u d i e s  on o t h e r  a s p e c t s  of avoidance, such a s  of t h e  p h y s i c a l  
s t r u c t u r e s ,  are nonex i s t en t  i n  publ ished l i t e r a t u r e .  Future  s t u d i e s  should 
be d i r e c t e d  i n  t h i s  a r ea .  

I V .  SUMMARY AND CONCLUSIONS 

The environmental  c o n s i d e r a t i o n s  f o r  deployment of an OTEC f a c i l i t y  
would depend t o  a l a r g e  e x t e n t  upon the b e n e f i t s  and adverse e f f e c t s  
produced by the a t t r a c t i o n  of marine organisms t o  such a s t r u c t u r e .  A s  
s t a t e d  by S u l l i v a n  e t  a l .  (19811, "...because of t he  s y n e r g i s t i c  e f f e c t  
a t t r a c t i o n  has on impacts, a t t r a c t  ion i s  the  most important environmental 
e f f e c t  a s s o c i a t e d  wi th  platform deployment." 

The obvious b e n e f i t  from the  c o n s t r u c t i o n  of an OTEC f a c i l i t y  i s  t h e  
p o s s i b i l i t y  f o r  f i s h e r y  enhancement. I f  t h e  r e s u l t s  obtained by the  use of 
FAD's and o f f s h o r e  platforms a r e  any i n d i c a t i o n  of what could be expected 
by the presence of an OTEC f a c i l i t y ,  commercial and r e c r e a t i o n a l  f ishermen 
would b e n e f i t  g r e a t l y  by i ts  deployment. I t  would be a f u r t h e r  plus  i f  t h e  
a r t i f i c i a l  r e e f  c r e a t e d  by the  f a c i l i t y  not  only aggregate  organisms but  
s e rves  as the  s u b s t r a t e  and h a b i t a t  t o  enhance t h e  production of t h e  marine 
community. 

Along wi th  the  b e n e f i t s  t o  f i s h e r y  development a r e  man-made 
d i s t u r b a n c e s  t o  the  environment. 
t h e  inc reased  a c t i v i t y  and presence of man may a f f e c t  t h e  l a r g e r  marine 
animals ( i n  p a r t i c u l a r  the endangered and t h e  threatened s p e c i e s )  from t h e  
a rea .  I n  recent  years, t hese  animals have become t h e  s u b j e c t  of much 
pub l i c  concern and thus ,  any OTEC deployment must  s e r i o u s l y  consider  any 
p o t e n t i a l  impacts upon them. 

Combined wi th  the  n o i s e  from the  p l a n t ,  

Much r e s e a r c h  i s  s t i l l  needed i n  t h e  study of t h e  a t t r a c t i o n  and 
avoidance e f f e c t s  upon marine organisms because of t h e  a l t e r a t i o n  of t h e i r  
n a t u r a l  environment. 
a t t r a c t a n t s ,  such n u t r i e n t s  which a r e  added t o  the environment by a 
c o e x i s t i n g  aquacu l tu re  farm or ch lo r ine  or  o the r  b ioc ides  discharged from 
the  f a c i l i t y ,  have not been t e s t e d .  Research i s  cont inuing on the  

The e f f e c t s  of o t h e r  p o s s i b l e  n o n s t r u c t u r a l  



11 

p o s s i b l e  use of cold water  e f f l u e n t  from a c o e x i s t i n g  OTEC p l an t  by t h e  
Natura l  Energy Laboratory of Hawaii aquacul ture  farm. 
the  a t t r a c t i o n  e f f e c t s  of t h e  fa rm's  n u t r i e n t - r i c h  e f f l u e n t  may be 
advised.  P r a c t i c a l l y  no information i s  p resen t ly  a v a i l a b l e  on t h e  
avoidance by marine organisms of a r t i f i c i a l  changes i n  t h e  environment. 

Thus, t he  study of 

-It i s  evident  from what i s  known about a t t r a c t i o n ,  t h a t  t he  des ign  and 
l o c a t i o n  of s t r u c t u r e s  w i l l  prove extremely important w i t h  r e spec t  t o  t h e  
s e v e r i t y  of any environmental  impact. 
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(a) Mini-OTEC 
(Photo cour t e sy  of t h e  S t a t c  o f  Hawaii, Dupnrtment o f  
P lanning  and Economic Development, Honolulu, Hawaii .)  

(b )  OTEC-1 
(Photo cour t e sy  of J. J .  Naughton, Western P a c i f i c  Program 
O f f i c e ,  Na t iona l  Marine F i s h e r i e s  Se rv ice ,  N O M ,  Honolulu, 
H a w a i i .  ) 

Figure  1.--Experimental open ocean p l a n t s h i p s  
deployed o f f  Keahole P o i n t ,  H a w a i i .  
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(b)  

F igure  2.--The OTEC l and  based des igns  f o r  Kahe Po in t ,  Hawaii. 
( a )  The General E l e c t r i c  tower concept p i l o t  p l a n t  d e s i  . 
(b)  The Ocean Thermal Corporat q man-made i: land p i l o t  a n t  

des ign .  



1 9  

1 
'1 

P 

Figure 3.--Locations where fish aggregating devices have been 
deployed 1979-81, or where deployment is planned in the Pacific 
and Indian Oceans (Shomura and Matsumoto 1982). 
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Figure 5.--Department of Land and Natural Resources' fish 
aggregating device designs ([Hawaii.] Department of Land 
and Natural Resources 1983). 
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S h e l t e r  u n i t  f o r  sp iny  l o b s t e r  used i n  Nagasaki. 
Photo c r e d i t :  M r .  I n u i .  

S h e l t e r  u n i t  f o r  l o b s t e r  i n  Miyazaki. 
Photo c r e d i t :  M r .  Uchida. 

Figure 6.--Variations of the Japanese tsukiiso or constructed 
beach (Sheehy 1981). 
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Abalone s h e l t e r  u n i t  being pl.aced i n  Hokkaido. 
Photo c r e d i t :  D r .  Sato.  

, 

Abalone s h e l t e r  u n i t  composed of FRP frame 
with rocks .  Asahi Chemical I n t e r n a t i o n a l ,  Ltd.  
Photo c r e d i t :  D r .  Ogawa. 

Figure 6.--Continued. 



- .I- - .  . . . . ~  

24 

. .  

- 

Large scale p r e f a b r i c a t e d  f i s h  r e e f  of r e i n f o r c e d  
c o n c r e t e  by Ishikawajima Kensai Kogyo C o . ,  Ltd.  
Photo c r e d i t :  IKK Co., Ltd. 

I 1  Dragon Reef" under c o n s t r u c t i o n  a t  sho re  s t a g i n g  
area. Photo c r e d i t :  Onoda C e m e m t  Co., Ltd.  

Figure 7.--Variations of the Japanese gyosho o r  fish reef 
(Sheehy 1981). 
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"Kamaboko Reefs," i n  two di f ferent  configurations. 
Photo credi t :  Ryowa Concrete Industries,  Inc. 

Fiberglass reinforced p l a s t i c  reefs  
manufactured by Asahi Chemical Inter- 
national ,  Ltd.  Photo credi t :  Dr. Ogawa. 

Figure 7.--Continued. 
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Figure 8.--The position of the Waianae artificial reef (a) 
(Kanayama and Onizuka 1973) and the present OTEC environ- 
mental benchmark survey (b) (Jones 1981). 
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TABLE 2. Deployment and longevity of fish aggregating devices in the 
Pacific and Indian Oceans,' 1979-81 (from Shomura and Matsumoto 1982). 

Fish  aggrega t ing  device  (days)  

Type of f i s h  No. ne t  No. 
Country o r  G c a l i t y  aggrega t ing  d e v i c e  (p lanned)  l o s t  Range Hean Hex. Continuing2 

American Samoa 

Aust ra  lis 

Cook Imlands 

E a s t e r n  P a c i f i c  

F i j i  

French Polynes ia  

Guam 

Havai i 

K i r i b a t i  

Maldive I s l a n d s  

Marshall  Imlandr 

Micronesia 

New Csledonia 

New Zealand 

Niue 

Northern l4ar isnai  

Belau 

Pepua New Guinea 

Seyche 1 lea  

S r i  Lank. 

Tokelau 

Tonge 

Tuvalu 

Vanuatu 

W e l l i i  and Futuna 

Western Samoa 

3-drum 
Doughnut 

3-drum 
Foam block 

3-drum 
Aluminum cetemsren 

Plyboard r a f t  

Bamboo r a f t  
Wooden r a f t  
Aluminum catamaran 

3-drum 

3-drum 
T r a c t o r  t i r e  

T r a c t o r  t i r e  
Pentasphere  

F iberg lass -pole  r a f t  

Various types  

Bamboo r a f t  

0 

-- 
Aluminum s i n g l e  h u l l  

3-drum 

Trac tor  t i r e  

Bamboo r e f t  

Pipe-frame r e f t  

-- 
-- 

Aluminum catemaren 

-- 
Plyboerd r e f t  

-- 
3-drum 
Aluminum catemeren 

T o t a l l r a n g e  379+ (147) 224 

7-510 
14-60 

335-427 -- 
150 

227-592 

62-137 

1 yeer -- 
-- 
-- 

6-123 
28-258 

60-540 
30-450 

7-40 

-- 
-- 
-- 
-- 
-- 
-- 

150-310 

30-270 

-- 
60 

-- 
-- 

30-210 

-- 
-- 
-- 

236-270 
207-424 

510 
250 

427 
120 

1 50 
592 

137 

-- 
120 -- 
-- 

123 
330 

540 
450 

40 

-_ 
-- 
-- 
-- 
-- 
-- 

21 0 

270 

-- 
123 

-- 
-- 

210 

-- 
-- 
-- 

270 
56 6 

40-592 

l h c l u s i v e  of  c o u n t r i e s  t h a t  used FAD's p r i o r  t o  1979. 
2Haxiaum FAD l i f e  c o n t i n u i n g  e8 of A p r i l  1982. 
3Maximu~ FAD l i f e  c o n t i n u i n g  as of June 1982. A l l  e x i s t i n g  t i r e  type FAD's removed and rep laced  by penteaphere type.  
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TABLE 3 .  Animals seen from the  observation chamber of a drifting raft+< 
(from Gooding and Magnuson 1967). 

_______-- .- __ - 
M A X I M U M  

SPECIES, GENUS, OR FAMILY DRIFT FORK I-ENGTII NIlhIRER SEEN BEHAVIOR 
AT ONE TIME CATEGORY ((In) (Common Name in Parentheses) LOCATION 

___ 
Abudefduj  abdominalis 

(damselfish) 
Acanthocybium solandri 

(wahoo) 
Alutera scripta 

(scrawled filefish) 
Canthidermis maculaiw 

(rough triggerfish) 
Caranx Ralla 

(golden jack) 
Caranx sp. 

Carcharhinus longimanus 
(whitetip shark) 

Chelonia mydas 
(green turtle) 

Coryphaena equiselis 
(pompano dolphin) 

Cor-vp haena hippurus 
(dolphin) 

Coryphaena sp. 
Deca/iterus pinnukr/us adult 

(jack 1 

(mackerel scad) 
juvenile 

Diodontidae 
(spiny puffer) 

Echeneidae (free-swimming) 
(remora) 

Elagdis bipinnulatus 
(rainbow runner) 

Exocoetidae 
(flyingfish) 

Fistularia petimba 
(cornetfish) 

Globicep hala scam m oni 
(pilot whale) 

Holocentridae 
(squirrelfish) 

Istiophoridae 
(marlin) 

Kutsuwonur pelamis adult 
(skipjack tuna) 

Kyphosus cinerascens 
(sea chub) 

Manta alf redi 
(manta ray) 

Manta sp. 

juvenile 

H 

H 0 3  

H 

H 

H 

H 

H 0 3  

0 

03 

H 0 3  

HO 3 
H 0 3  

3 
0 

3 

3 

H 0 3  

H 

HO 

H 

H 

H 3  

3 
H 

H 

0 

R 

R 

K V  

K 

V 

K 

RV 

V 

V 

K 

R 
RT 

R 
V 

R 

K 

T 

V 

V 

R 

T 

T 

RV 
R 

V 

V 

0 7 - 1  0' 

4 5  90 

1 0 - 3 5  

25-35' 

30 

2 9-5.1'  

125-175 

60 

30 

60- I 00' 

1 0 - 1  5 

20-2 5 

l i  1' 

I 2  

8 

7 5  

10-1 5 

20 -40  

3 7 5  

2 

1 2 5  

4 5  

10-1 5 

2.5'  

1 00-1 2 5' 

24 

3 

2 

3 3  

1 

3 

2 

1 

loo+ 

7 0 +  

H 0 

1 ,000+ 

1 

1 

1 

1 

103- 

2 

2 

1 

1 

1 ,000+ 

50 

1 3  

1 

1 
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TABLE 3 .  Continued. 

- 
M AX1 MU XI 

FORK LENGTH NUMBER SEEN 
AT O N E  TIME 

SPECIES, GENUS,  OR FAMILY DRIFT BEHAVIOR 
(Commcn Name in Parentheses) LOCATION CATEGORY (cm) 

Mulloidirhthys samoensis H RV 10-1 2 l,OOO+ 

Naurrates durtor adult H03 RV 15-30 7 
(goatfish ) 

(pilotfish) 
juvenile 

Nomeus gronouli 
(man-of-war fish) 

Prionare gIaura 
(great blue shark) 

PJenes CyAnOphi'yS 

(freckled driftfish) 
Remora remota (attached) 

(remora) 
Rhinrodon ~ y p u s  

(whale shark) 
Seriola rivoliana' 

(amberjack) 
Seriola dumerili 

(greater amberjack) 
Sphyraena barracuda 

(great barracuda) 
Thunnus albacares 

(yellowfin tuna) 
Tursiops sp. 

(bottlenose dolphin) 

HO 3 
0 

0 

H03 

H03 

3 

H 

H 

H 

H 3  

Ho 

R 
V 

V 

R 

RV 

V 

R 

R 

V 

RV 

V 

2.6-6.7' 

150 

1.5-12.4' 

15-30 

300 

2 0' 

3.7 

50 

25-40 

150-200 

7 
1 

1 

1,ooo-t 

1 

1 

37 

204- 

* Drift Location: H = Hawaii; 0 = 0' Latitude; 3 = 3 "  S. 

t Measured length; all other lengths are estimated, 
t Breadth. 
1 T h e  hrst record for Hawaiian waters. identified by Dr.  Frank J.  hfather, Ul'oc~dr Hole Oteanographic Institution, from 

Behavior Category: R = Resident: V = Visitor; T = Transient. 

a specimen preserved after capture at the raft. 
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TABLE 4 .  Fish  spec ie s  caught ( i n  pounds) by pole-and-line boa t s  
around f i s h  aggrega t ing  buoys dur ing  1978 (from Matsumoto e t  a l .  1981).  

__________ .____ -- __ ___ 
____. 

Species 

Yellowfin tuna Kawakawa Dolphin Total 

Catch Catch Catch Catch Catch 
______________- _-___ S k i p j a c k  tuna 

per per Per per per 
Buoy Visits Catch visit Catch visit Catch visit Catch visit Catch visit 

A 92 357.044 3.880.4 22.682 246 5 1,479 160 854 9 3  382,031 4,152.5 
B 1 5,110 5,1100 0 0 0  0 0 0  0 0 0  5.110 5,1100 
C 14 103.037 7,3598 1,475 105.4 4.218 301 3 0 0 0  108.730 7,7664 
D 139 573,106 4,123.1 80.183 5769 1,706 123 3.034 226 658,029 4,7340 

Total 246 1.038.297 4,2207 104,340 424 1 7.403 3 0 0  3,888 158 1,153,900 4.6906 
Percent of 

_____ ~ ___ ___ 

total catch 89 73 9.28 0.64 0 34 99 99 

TABLE 5. Species  and number of f i s h  caught by t r o l l i n g  boa t s  around f i s h  
aggrega t ing  buoys, May 1977-July 1979 (from Matsumoto e t  a l .  1981).  

________________ __ _ _  - ~ _ _ _ _ _  ._ - - 
Buoy - - _ ___ _. __ . - - 

A B C Total - ~ _ _ _  ~ .__- 
Catch! Catch/ Catchi Catch/ Percent 

Vis~t Catch visit Visil Calch visit Visit Catch visit Visit Catch visit of tolal _-_____________ _ _ _ _ _  ___ . - - __  Species 
Skipiack luna 309 423 137 160 3 002 137 55 040 606 4t31 079 23 0 
Yellowfin tuna 484 1 57 12 008 44 032 540 089 25 9 
Bigeye luna 1 1  0 0 4  0 000 10 007 7 1  004 10 

90 Kawakawa 77 025 68 042 43 031 
Dolphin 217 070 275 1 72 280 704 772 127 37 0 
Wahoo 30 010 8 005 40 007 19 2 002 

Striped marlin 2 001 0 om 0 000 2 001 01 
Spearfish 3 001 0 000 0 000 3 001 01 
Rainbow runner 16 005 0 000 0 000 16 003 08 
Grealer amberjack 3 001 0 000 0 000 3 001 0 1  

-~ 

lRt3 011 

Blue marlin 15 005 3 007 1 001 19 0 0 3  0 9  

2 001 01 
~ __ - 0 om - -  0 000 - - -_ 2 001 

~ 
I __ __ Ba-racuda 

Total 309 1283 415 160 369 231 137 435 606 2087 344 _______ _____.____--318 - - - __ - - - - __ __ 

TABLE 6. Weight and va lue  of products  of n i g h t  handl ine  f i s h e r y  f o r  
tuna (from Yuen 1979).  

Weight (t) Weight (1,0001b) Value ($1,000) 

Species 1973 1974 1975 1973 1974 1975 1973 1974 1975 

Bigeye tuna 65.4 120.2 63.0 144.2 265.0 139.0 102.6 249.8 149.5 
Yellowfin tuna 23.3 22.9 75.5 51.3 50.5 166.4 38.0 38.4 157.0 
Albacore 0.4 0.2 16.1 0 8  0.4 35.5 0.5 0.2 21.0 
Al l  tunas 89.0 143.3 154.6 196.3 315.9 340.9 131.1 2884 327.5 
Squid 5.0 1.7 1.3 11.1 3.7 2.8 6.2 3.5 3.5 

-__ -__- 
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TABLE 8. 
artificial reefs between 1960 and 1973 (from Kanayama and Onizuka 1973). 

Fishes recorded during underwater fish transects at the four 

Common-Name, Local Name S c i e n t i f i c  Name 4 

m 
0 
4 5  

z o  

Shark, Mano 
Eagle ray,  Hihimanu 
Lizardf i s h ,  'Ulae 
Lizardf i s h ,  'Ulae 
Lizardf i sh ,  'Ulae 
Moray eel, Puhi-paka 
Moray eel, P h i - o n i ' o  
Moray eel, Puhi 
Moray eel , Puhi-kapa 
Moray eel, Puhi 
White eel, Puhi-uha 
Cornetf ish,  Nunu peke 
Trumpetfish, Nunu 
Squi r re l f  i s h ,  ' A l a  ' ihi 
S q u i r r e l f i s h ,  'Ala ' ih i  maoli 
S q u i r r e l f i s h ,  ' A l a ' i h i  ka la loa  
S q u i r r e l f i s h ,  'Ala ' ih i  
S q u i r r e l f i s h ,  'U'u 
S q u i r r e l f i s h ,  'U'u 
Barracuda, Kaku 
Barracuda, Kawalea 
F l a t f i s h ,  Paku 
F l a t f i s h ,  Paku 
F l a t f i s h ,  Paku 
Grouper 
Introduced grouper,  R o i  
Introduced grouper,  Rero 
Introduced grouper,  Tarao/Tarao-au 
Big eye, 'Aweoweo 
Big eye , 'Aweoweo 
Card ina l f i sh ,  'Upapalu 
Quakerf ish,  Maka-a 
Amberjack, Kahala 
Mackerel scad, 'Opelu 
Jack c r e v a l l y ,  mite ulua 
Jack c r e v a l l y ,  Ulua 
Jack c r e v a l l y ,  'Omilu 
Jack c r e v a l l y ,  Ulua 
Jack c r e v a l l y ,  Pa'opa'o 
Snapper, Uku 
Snapper, Gurutsu 
Introduced snapper, Toau 
Introduced snapper, Tuhara 

CARCWRHINIDAE (unident.  ) 
Aetobatus n a r i n a r i  
SYNODONTIDAE (unident.  ) 
Synodus var iega tus  
S. dermatogenys 
Gymnothorax f lavimarginatus  
G .  meleagris 
G .  s te indachner i  
Echidna nebulosa 
Echidna sp.  
Conger marginatus 
F i s t u l a r i a  petimba 
Aulostomus ch inens is  
Holocentrus e n s i f e r  
H.  xantherythrus  
H. diaderna 
Holocentrus sp . 
M y r i p r i s t i s  b e r n d t i  
M. argyromus 
Sphyraena barracuda 
S. h e l l e r i  
BOTHIDAE (unident.  ) 
PLEXRONECTIDAE (unident.  ) 
(unident i f ied)  
Caesioperca thompsoni 
.Cephalopholis argus 
C. urodelus  
Epinephelus rnerra/hexagonat 
Pr iacanthus c ruenta tus  
P. meeki 
Apogon snyderi  
Malacanthus h o e d t i i  
S e r i o l a  dumer i l i i  
Decapterus p innula tus  
Carangoides a j a x  
C.  ferdau 
Cararix melampygus 
C.  lugubr i s  
Gnathonodon speciosus 
Aprion v i rescens  
Aphareus f u r c a t u s  
Lutjanus v a i g i e n s i s  

U S  

X 
X 
X 
X 
X 
X 
X 
X 

X 
X 

X 
X 

X 
X 

X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X 
X 
X 

L. gibbus X 

X 

X 
X 

X 

X 
X 
X 
X 

X 

X 

X 
X 
X 
X 
X 
X 
X 

X 
X 

X 
X 
X 
X 

X 

X 
X 

X 
X 
X 
X 

X X 

X 
X X 

X 

X 
X X 
X 

X 

X 
X 
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TABLE 8.--Continued. 

Artificial Reef 

Comon Name, Local Name Scientific Name 

Goatfish, Weke-'ala 
Goatfish, Weke-'ula 
Goatfish,. Moelua 
Goatfish, Malu 
Goatfish, Kumu 
Goatfish, Munu 
Goatfish, Moano 
Goatfish, Moano kea 
Porgy, Mu 
Convictfish, stripey 
Black banded angelfish 
Russet angelfish 
Butterflyfish, Lau-wiliwili- 

Butterflyfish, False kihikihi 
Butterflyfish 
Orange striped butterflyfish 
Blue striped butterflyfish 
Cross striped butterflyfish 
Butterflyfish 
Butterflyfish 
Butterflyfish 
Butterflyfish 
Butterfly f ish 
Hawkfish, Pili-kola 
Hawkfish, Pili-kola 
Hawkfish, Pili-ko'a 
Damselfish, Maomao 
Damself ish 
Damself ish 
Damselfish, 'Alo'ilo'i 
Damselfish 
White tailed damselfish 
Black damselfish 
Blue damselfish 
Damself ish 
Wrasse , Kupoupou 
Wrasse, 'A'awa 
Birdfish, Hinalea i'iwi 
Wrasse 
Wrasse 
Wrasse, Hinaled lo10 
Wrasse, Hilu 
Wrasse 
Wrasse, 'Opule 

nukunuku-'oi'oi 

Mulloidichthys sawensis 
M. a u r i f l m  
M. pflugeri 
Parupeneus pleurostigrna 
P. porphyreus 
P. bifasciatus 
P. multifasciatus 
P. chryserydros 
Monota xis grandocul i s 
Microcanthus strigatus 
Holacanthus arcuatus 
Centropyge potteri 

Forcipiger longirostris 
Heniochus acuminatus 
Hemitaurichthys zoster 
Chaetodon ornatissimus 
C .  fremblii 
C. auriga 
C . trif ascia tus 
C. multicinctus 
C. lunula 
C. corallicola 
C. miliaris 
Paracirrhites cinctus 
P. fosteri 
P. arcatus 
Abudefduf abdominalis 
A. hnparipennis 
Pomacentrus jenkinsi 
Dascyllus albisella 

X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

Plectroglyphidodon johnstonianus 
Chromis leucurus X 
C. verater X 
C. ovalis X 
C .  vanderbilti X 
Cheilio inermis X 
Bodianus bilunulatus X 
Gonphosus varius 
Pseudocheilinus evanidus X 
P. octotaenia X 
Coris gaimardi X 
C. flavovittata X 
C. venusta X 
Anampses cuvieri X 

X 
X 

X 
X 

X 

X 
X 

X 

X 
X 

X 
X 

X 
X 

X 

X 
X 
X 
X 

X 

X 

X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 

X 

X 

X 
X 

X 

X 
X 
X 
X 
X 

X 

X 
X 



38 

TABLE 8.-Xontinued.  

A r t i f i c i a l  R e e f  

C m o n  N a m e ,  Local Name S c i e n t i f i c  Name 3 a 
x m m E 2 
$ 2  

. 
L 

Wrasse 
Wrasse, 'Opule 
Wrasse, b e - n i h i  
Cleaner wrasse 
Wrasse 
Wrasse, Hinalea lau-wil i  
Wrasse, Hinalea luah ine  
Wrasse 
Wra s se , ' CkMka 
Wrasse, 'CkMka 
Wrasse, Po-ou 
Wrasse, Po-ou 
Wrasse, La-o 
Wrasse, Lae-nihi 
Wrasse, Hinalea ' a k i - l o l o  
P a r r o t f i s h ,  Uhu 
P a r r o t f i s h ,  Uhu 
P a r r o t f i s h ,  Uhu u l i u l i  
P a r r o t f i s h ,  Uhu 
P a r r o t f i s h ,  Uhu 
P a r r o t f i s h ,  Uhu 
Moorish i d o l ,  K ih ik ih i  
Surgeonfish 
Surgeonfish,  Surf maiko 
Surgeonfish,  Paku ' iku ' i  
Surgeonfish,  Maikoiko 
Surgeonfish,  Maiko 
Surgeonfish,  Maiko 
Surgeonfish,  Na'en'e 
Surgeonfish,  P a l a n i  
Convict tang,  Manini 
Surgeonfish,  
Surgeonf i sh , 
Surgeonfish,  
Surgeonfish,  
Surgeonfish,  
Surgeonfish,  
Yellow tang,  
Surgeonfish,  
T r i g g e r f i s h ,  
T r i g g e r f i s h ,  
T r i g g e r f i s h ,  
T r i g g e r f i s h ,  
T r i g g e r f i s h ,  

Pualu 
Pualu 
Kala 
Kala 
Kala 
Kala 
Lau' i-pala 
Kole 
Humuhmu-umauma-lei 
H m u h a u - u l i  
Hmnuhmu-mimi 
Humuhumu 
Humuhumu 

Anampses rubrocaudatus 
A. gode f f roy i  
I n i i s t i u s  pavoninus 
h b r o i d e s  phthirophagus 
Novaculichthys t aen iou rus  
Tha la s som duper rey i  
T. b a l l i e u i  
T. umbrostigma 
S t e t h o  j u l i s  a lbov i  t t a  t a  
S. a x i l l a r i s  
Che i l inus  rhodochrous 
C. b imaculatus  
Haliochoeres ornat iss imus 
Hemipteronotus baldwini 
Macropharyngodon g e o f f r o y i  
SCARIDAE (unident  .) 
Scarus dubius  
S. p e r s p i c i l l a t u s  
S. so rd idus  
S. ahula  
Calotomus sandvicensis  
Zanclus canescens 
ACANTHURIDAE (unident .  ) 
Acanthurus g u t t a t u s  
A.  
A .  
A .  
A .  
A .  
A .  
A .  
A .  
A .  

a c h i  1 les  
l eucopa rc ius  
nigrofuscus 
n i g r o r i s  
o l ivaceus  
d u s s m i e r i  
s andv icens i s  
xan thop t e r u s  
m t a  

Naso hexacanthus 
N .  b r e v i r o s t r i s  
N. u n i c o r n i s  
N. l i t u r a t u s  
Zebrasoma f l avescens  
Ctenochaetus s t r i g o s u s  
B a l i s t e s  bursa 
8. n y c t e r i s  
B. c a p i s t r a t u s  
B. fuscus  
B a l i s t e s  sp. 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 

X 

X X 
X 
X 
X X 

X 
X X X 

X 

X 

X 
X 

X 

X 
X 
X 

X 
x 
X 
X 

X 
X 

X 
X 

X 
X 
X 

X 
X 
X 

X 

X 
X 
X X 
X 
X X 
X X 
X X 
X 
X 
X 
X 
X 
X 
X 
X 
X X 
X 
X 
X 
X 
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TABLE 8.--Continued. 

A r t i f  i c h l  Reef 

Comaon-Name, Local Name S c i e n t i f i c  N a m e  

Triggerf ish,  Humuhumu-uli Melichthys vidua 
Triggerf ish,  Humuhmu-'ele'ele M. buniva 
Triggerf ish,  Humuhumu-nukunuku-a-pua'a Rhinecanthus aculeatus 
Triggerf ish,  Hmuhmu-nukunuku-a-pua'a R. rectangulus 
Triggerf ish Xanthichthys ringens 
F i l e f i s h  Amanses sandwichiensis 
F i l e f i s h  A. ca ro lae  
F i l e f i s h ,  ' O ' i l i  lepa Alutera sc r ip t a  
F i l e f i s h ,  ' O ' i l i  u w i w i  Pervagor SpilosaM 
Boxfish, Moa Ostracion lent iginosus 
Cowfish, Makukana Lactoria fornas in i  
Puffer ,  ' 0 'opu-hue Arothron h isp  idus 
Sharpback pu f fe r  Canthigaster cinctus 
Sharpback pu f fe r  C.  j a c t a t o r  
Sharpback pu f fe r  C. r i vu la tus  
Sharpback puf fer ,  Pu'u-u-ola'i C.  amboinensis 
Spiny puf fer ,  'O'opu-kawa Diodon hys t r ix  
Blenny B L E N N I W  (unident . ) 
Blenny Runula gos l ine i  
Frogf i s h  Antennarius moluccensis 

Spiny lobs te r ,  U l a  
Spiny lobs t e r ,  U l a  
Octopus, H e e  
Crown-of-thorns s t a r f i s h  

Panul i rus  japonicus 
P. p e n i c i l l a t u s  
Octopus cyanea 
Acanthaster p l anc i  

X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 

X 

X 

X 
X 

X 
X 
X 

X 

X 
X 
X 

X 
X 
X X 
X 
X 
X 

X 

X 
X 

X 

Tota l  Species: 

Total Species Recorded a t  a l l A r t i f I c i a 1  Reefs: 

126 70 114  24 

156 
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TABLE 1 0 A .  Fishes recorded at Stage I off Panama City, Florida, with estimates 
of usual abundance and habitat occupied (from Hastings et al. 1976). 

Abundance' 

Spnng Summer-fall 
Species (Aor) (JuIY-Nov ) 

Carcharhinidae 

Das yatidae 
Dasyatis sp 

Muraenidae 
Gymnothorax nigromarginatus 

Clupeidae 
Sardinella anchovia 

A riidae 
Arius fehs 

Batrachoididae 
Opsanus pardus 

Antennariidae 
Antennarius ocellarus 

Ogcocephalidae 
Qgcocephalus radiafus 

Serranidae 
Centropnstis ocyur~s 
Diplectrum tormosum 
Epinephelus nigrrtus 
Mycteroperca microlepis 
Serranus subligarius 

Rypfrcus maculafus 

Apogon pseudomaculatus 

Rachycenlron canadum 

Echeneis neucratoides 

Caranx crysos 
Caranx hippos 
Caranx ruber 
Decapterus punctatus 
Nagafis bJp/nnU/afa 
Seriola dumerili 
Seriola rivoliana 
Trachurus lathanri 

Lullanus campechanus 
Lullanus griseus 
Rhomboplites aurorubens 

Haemulon aurolineaium 
Haemulon plumier1 

Archosargus probatocephalus 
Lagodon rhomboides 

Equetus lanceolafus 
Equefus umbrosus 
Equelus sp 

Kyphosus sectatrix 

Chaetodipferus taber 

Chaefodon ocellatus 
Chaetodon sedentarius 
Holacanthus bermudensis 

Abudefduf saxafibs 
Chromis enchrysurus 
Chromis scofli 
Pomacenfrus parfitus 
Pomacenfrus variabilis 

Halichoeras caudalis 
Thalassoma bitasciatum 

Sphyraena barracuda 

Blennius marmoreus 
Hypleurochilus geminafus 

- Carcharhinus milberti 

Grarnrnistidae 

Apogonidae 

Rachycentridae 

Echeneidae 

Carangidae 

Lutjanidae 

Pornadas yidae 

Sparidae 

Sciaenidae 

Kyphosidae 

Ephippidae 

Chaetodontidae 

Pornacentridae 

Labridae 

Sphyraenidae 

Blenniidae 

few 

few 

l e w  

corn-abun 

sev 

sev 

few 

few 

corn 
sev-corn 

few-corn 
sev-corn 

sev-corn 

sev-corn 

few 

few-sev 

corn 
sev-corn 
few-corn 

corn-abun 
sev 

few-corn 

corn 

le w 
sev- abu n 
corn-abun 

coin-abun 

- 

- 

.- 

few 
sev 

sev-corn 
mv-corn 

tow 

sev 

sev-corn 

few 
few 

sev-corn 

lew-sev 
few 

sev-corn 
few-sev 
sev-com 

sev-corn 
few-sev 

sev-a bun 

sev 
Iew-corn 

Winter 
Dec. Jan. Habitat' 

- 

- 

few 

abun 

- 

sev 

tew 

l o w  

corn 
sev corn 

few 
sev-corn 

sev 

- 

- 

few 

- 

- 
- 

few 
abun 
sev 
corn 
few 
.-. 

few 
low 
- 

corn-abun 
few- sev 

__ 
- 

- 

corn 
- 

- 

sev 

few 
few 
sev 

- 
- 
- 
- 

s ev 

- 
- 

sev 

I 

- 

__ 
- 

- 

- 

corn 

lew 

lew 

corn 

few 
sev 
corn 

corn 

sev 

- 

- 

sev 

- 
- 
- 
few 
lew 

corn-abun 
- 
- 

- 
sev 
corn 

sev 
- 

- 
- 

corn 
corn 
- 

- 

corn 

few 

sev 

sev 
few 
sev 

corn 

few 
sev 

law 

- 

- 

- 

0 

B 

B 

U 

B 

B 

0 

B 

B 
B 
L 
L 

B-P 

B-P 

B 

0-U  

P) 
U 

0-u 
U 
U 

0-u 
L -0 -u  

U 
L 

L 
L -u  
L 

L 
L 

U 
L-u 

B 
B 
B 

U 

L -u  

8-P 
B 

L-u  

P 
B 

8-P 
P 

0-P 

B 
P 

0-u 

0-P 
P 
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TABLE 10A.--Continued. 

Abundance' 

Sprlng Summor-fall Winter 
(AP~.) (July-Nov.) Dec. Jan. Habilat' ~ - _  Species 

Goblldae: 
- Coryphopterus puncfipecfophorus 

loglossus cslliurus 

Acenfhurus coeruleus 

Eurhynnus ellefferafus 

Paralichfhys albigurfa 

Belisfes caprlscus 
Monacenfhus hlspldus 

Lsctophrys quadricornls 

Canfhigaster rosfrafa 
Sphoeroides spenglerl 

Chilomycferus schoeph 

Acanlhuridae: 

Scombridae: 

Bolhidae: 

Balistldae: 

Ostraciidae: 

Tetraodontidae: 

Diodontidae: 

61 species 
100% 

Number of observations 

lew - 
- 
- 
- 

le w - 
few 

- 
- 
few 

21 species 
34% 

1 

lew 
sev 

- 

sev-com 

few 

few-sev 
few-sev 

few 

few 
few 

few 

57 species 
93% 

6 

- 
- 

- 

sev 

- 

few - 
few 

- 
- 

few 

31 species 
5 1 % 

2 

18"-19"C Temperature range 17"-20"C 23"-29"C 

'Abbreviations are as follows: sev-several, com-common. abun-abundant, B-on bottom. L-lower water columrt. P-on pilings, 

Fcheneis neucrafoides on Epinephelus, Sphyaena, Seriola, Balistes, and Caretto. 
?Equerus sp. - an undescribed species listed by Bullis and Thompson (1965) as "Equefus sp nov." and by Struhsaker (1969) as 

0-open water around platform, U-middle to upper water cclumn under platform. 

"Blackbar drum Pareques sp. (undesnibed)." 

- 
- 

few 

sev 

- 
few 
- 

I 

- 
- 

few 

32 species 
52% 

1 

18°C 

0 
0 

P 

0-u 

B 

L-u  
P 

B 

0 
B 

B 
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TABLE 1 0 B .  Fishes recorded at Stage I1 o f f  Panama City, Florida, with estimates 
of usual abundance and habitat occupied (from Hastings et al. 1976). 

________..- 
Abundance’ 

Species 
Winter Spring Summer-(all 

(Apr -May) (June-Nov ) Dec Feb. Habitat’ 

Carcharhinidae 

Sphyrna sp 

Dasyalis sp 

Raja eglanleria 

Gymnothorax nigromarginatus 

Sphyrntdae 

Dasyalidae 

Rajtdae 

Muraenidae 

Congridae 
Ophichlhidae 

Clupeidae 
Myslriophis inlertinclus 

Elrumeus teras 
Harenguld pensacolae 
Opislhonema oglinum 
Sardinella anchovia 

Engraulidae 
Ariidae 

Arius lelis 
Balrachadtdae 

Opsanus pardus 
Anlennaritdae 

Antennanus ocellatus 
Ogcocephalidae 

Ogcocephalus radialus 
S yngnalhidae 

Syngnathus sp 
Serranidae 

Cenlroprislis melana 
Cenfroprrstis ocyurus 
Cenlroprislis philadelphica 
Dipleclrum lormosum 
Epinephelus mono 
Epinephelus sp 
Mycleroperca microlepis 
Serranus subligarius 

Rypricus maculatus 

Priacanlhus arenalus 

Apogon pseudomaculalus 

fomaromus salfatix 

Rachycenfron canadum 

Echeneis neucraloides 

Caranx barlholornaei 
Caranx crysos 
Caranx hippos 
Caranx ruber 
Decapterus punclafus 
Selar crumenophthalmus 
Seriola dumerili 
Seriola zonata 
Trachurus lalhami 

Luvanus cdmpechanus 
Lutlanus griseus 
Lullanus synagris 
Rhomboplrtes aurorubens 

Loboles surinamensis 

Haemulon auroknealum 
Haemulon plumier, 
Orthoprislis chrysoplera 

Archosargus probafocephalus 
Calamus-Pagrus 
Diplodus holbrooki 
Lagodon rhomboldes 
Stenoromus caprinus 

Gramrnislidae 

Pridcanthidae 

Apogonidae 

Pornalornidae 

Rachycenlridae 

Echeneidae 

Carangidae 

Lullanidae 

Lobolidae 

Pornadas yidae 

Sparidae 

- 
- 

__ 
- 

few 
- 

low 

- 
- 
sev 

corn-abun 
- 

- 

lew-sev 

few 

few 

- 

le w 
corn 

sev-corn 
few 

few 
sev 

- 

- 

- 

- 

few 

lew-sev 

- 

-_ 

- 
- 
- 
- 

corn-abun 

few 
lew 
corn 

- 

- 
- 
- 

sev 

- 

corn 
lew-sev 

corn 

lew 
- 
- 

corn 
- 

few 

lew 

low 

few 

few 
- 

few 

sev-corn 
sev-abun 

corn 
corn-abun 
com-abun 

low-abun 

lew 

lew 

lew 

few 

sev 
corn-abun 

few-corn 
few 
lew 

sev-corn 

lew-corn 

lew 

le w- co (11 

- 

feW-SQV 

- 

lew-sev 

lew 

lew-sev 
sev-abun 

com 
few-corn 

abun 

lew-sev 

corn 

few-sev 
sev 
few 

sev-corn 

lew 

corn-abun 
lew-sev 

abun 

sev 
lew 

lew-sev 
sev-corn 

corn 

sov-corn 

- 

__ 
- 

- 

Iew 

few 
few 

lew 

- 
sev-corn 

sev-abun 
- 

- 

- 

lew-corn 

few-corn 

lew 

- 

lew-sev 
corn 
few 
sev 
few 

le w- sev 
sev-corn 

lew-co rn 

__ 

__ 

lew-sev 

few 

- 

- 

low 
low 
5ev 

coin abun 

sev 

le w -abu n 

sev 
lew-sev 

few-sev 

- 

- 

-- 

- 

- 

lew-coni 
lew 

le  w-a bu n 

lew 
lew 
I t , . \  

SO. c n 
- 

0 

0 

0 

0 

0 
0 

0 

U 
L-U 

U 
U 

L - u  

0 

0 

0 

0 

0 

0 
0 
0 
0 

0-L 
0 
L 

0-P 

0-P 

0 

B 

0-u 

0-u 

0 )  

L-u 
U 

0-u 
U 

L - u  
L-u 

L - 0 - u  
U 
L 

L 
L -u  
L 

L-u 

U 

L 
L 
L 

L - u  
L 
U 

L-u  
0 - 0  
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TABLE 10B.--Continued. 

- - ~ _ - _ _ _ _ _ _ _ - -  _- ____I--- 

Abundance' 

Spnng Summer-fall Winter 
Species (Apr.1 (July-Nov ) Doc Jan Habitat' - 

Sciaenidae: 
Equetus lanceolafus 
Equetus umbrosus 
Leiosfomus xanthurus 
Sciaenops ocellata 

Mullldae 
Kyphosidae: 

Ephlppidae: 

Chaetodontidae: 

Kyphosus sacfafrix 

Chaetodipterus faber 

Chaetodon ocellafus 
Holecanlhus bermudensis 

Pomacenlrus variabilis 

Helichoeres bivinatus 
Halichoeres caudalis 
Hemlpteronotus novaculn 
Lachnolaimus maximus 

Sphyraena barracuda 
Sphyreena borealis 

Polydactylus octonemus 

Blennlus marmoreus 
Hypleurochilus geminafus 

Acanfhurus chkurgus 

Euthynnus alletteratus 
Scomber leponicus 
Scomberomorus cavalla 

Peorilus burfi 

Pomacentrldae: 

Labridae: 

Sphyraenidae: 

Polynemidae: 

Blenniidae: 

Acanthuridae: 

Scombridae: 

Strornateidae: 

Scorpaenidae: 

Triglidae: 

Bothidae: 

Scorpaena brasiliensis 

Prionolus sp. 

Paralichfhys albigutfa 
Syacium papillosum 

Balistes capriscus 
Canfherhines pullus 
Monacenfhus hispidus 

Ostraciidae : 
Lactophrys quadrlcornis 

Diodontidae: 
Chilomycferus schoepfi 

86 taxa 
100% 

Number of observations 
Temperature range 

Balistidae: 

few-sev 
sev - 
- 

- 
sev 

- 
sev-corn 

sev-corn 

few 
sev 
.- 

- 

- 
- 
- 

few 
sev-corn 

- 

sev-corn 
corn - 

few-sev 

- 
- 

sev 
- 

few-sev - 
- 

lew 

lew 

4 1  species 
48% 

3 
17"-20"C 

few-corn 
sev-corn 

corn 
few 
lew 

few-sev 

few-corn 

few 
few-corn 

sev-corn 

lew-corn 
sev-corn 

few 
few 

few-sev 
sev 

- 

few-sev 
sev-corn 

few 

sev-corn 
corn 
sev 

sev 

few 

tew 

few-sev 
few 

few-corn 
lew 
few 

few-sev 

few-sev 

81 taxa 
94% 

13 

20"-30"C 

few-corn 
few-sev 

sev 
few 
__ 

- 
sev 

few 
sev-corn 

few-sev 

few 
few-sev 

le w 
- 

- 
- 

sev 

lew __ 
- 

few-corn 
few 
- 

- 

few 

- 

sev - 
few-sev 

few 
sev 

few 

few 

57 taxa 
66% 

4 

15"- 19°C 

B 
B 
B 
B 
0 

U 

L-u  

B 
L-u 

B-P 

B 
B 
B 
L 

L - 0 - u  
U 

0 

P 
P 

B-P 

0 
U 
0 

U 

B 

B 

B 
€3 

L-U 
P 

L-P 

B 

B 

- 
'Abbreviations are asfollows: sev - several, corn. common, abun . abundant, B -on bottom, L -lower water column, P .on pilings, 

Fpinephelus sp. - A  juvenile apparently either E. flavolirnbafus or E. niveatus based upon color pattern (brownish with small 

'Echeneis neucratoides on Caranx and Sphyraena. 

0 - open water around platform. U - middle to upper water column under platform. 

white spots on lateral surfam and a dark saddle on caudal peduncle, Smith 1971). 
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TABLE 11. 
bottom, drift, and troll fishing in nearshore and blue water areas (from 
Dugas et al. 1979). 

Summary of major game species caught at oil rig platforms by 

--__ ._ 

Bottom Drift Trolling 

- Species Nearshore Blue-water Nearshore Blue-water Nearshore Blue-water 
.___ 

Shark (several species) X X 
Arius lelis (sea catfish) X 
Ragre marinus (gafftopsail catfish) X 
Epinephelus spp. (grouper) 
Mycteroperca phenax (scamp) 
Pomatomus saltatrix (bluefish) 
Rachycentron conadurn (cobia) 
Camnx c y s o s  (blue runner) 
Caranx hippos (crevalle jack) 
Seriola dumerili (greater amberjack) 
Coyphaena  hipputus (dolphin) 
Lutjanus campechonus (red snapper) X 
Lutjanus griseus (gray snapper) X 
Lutjanus synagris (lane snapper) 
Archosargus probatocephalus (sheepshead) X 
Cynoscion arenorius (sand seatrout) X 
Cynoscion nebulosus (speckled seatrout) X 
Cynoscion nothus (silver seatrout) X 
Menticirrhus arnericanus (southern kingfish) X 
Micrupogon undulatus (Atlantic croaker) X 
Pogonias cromis (black drum) X 
Sciaenops ocellata (red drum) 
Sphyraena barracuda (great barracuda) 
Acanthocybium solanderi (wahoo) 
Euthynnus alleteratus (little tuna) 
Sarda sarda (Atlantic bonito) 
Scomberomorus cavalla (king mackerel) 
Scornberomorus maculatus (Spanish mackerel) 
Thunnus albacores (yellowfin tuna) X 
Thrinnus atlanlicris (blackfin tuna) X X 
Istiophorus platypterus (sailfish) X 
Makaira nigricans (blue marlin) X 
Tetraplums albidus (white marlin) X 

X 
X 

X 
X 
X 
X 

X 

X 
X 
X 

X 
X 

X 
X 

X 

X 
X 

X X 
X 

X 
X 

X 
X 
X 
X 
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S c i e n t i f i c  Name Common Name 

TABLE 1 2 .  Endangered and threatened species of candidate s i t e s  ( f rom 
Sullivan e t  a l .  1981) .  

S t a tus*  D i s t r i b u t i o n  

Ere tmoc he  1 y s 
imbr i c  a t a 

Balaenoptera  
musculus 

T r o p i c a l  P a c i f i c  Caribbean l e  I Hawksb i ll  

Balaenoptera  
b o r e a l i s  

Balaenoptera  
physa lus  

E uba 1 aena  
g 1 ac i a  1 i s  

Meg ap  t e r a 
novaeang l i ae  

Physe te r  
c a t  adon 

Tr i chechus  
manatus 

Mona c hu s 
sc  hau ins  1 and i 

Monac h us 
t r o p i c a l i s  

MARINE MAMMALS 

B l u e  whale 

S e i  whale 

F inback  whale 

Right  whale 

Humpback h a l e  

Sperm whale 

Car i b  bean 
manatee 

Hawaiian monk 
seal 

Car ibbean  monk 
seal 

Oceanic P a c i f i c ,  A t l a n t i c  

Oceanic P a c i f i c ,  A t l a n t i c  

Oceanic Southern  Hemisphere 

Oceanic ,  P a c i f i c ,  A t l a n t i c  

Oceanic Car ibbean ,  North P a c i f i c  
A t l a n t i c  

Oceanic ,  Ca r ibbean ,  P a c i f i c ,  
A t  1 a n t i c  

O f f  F l o r i d a ,  Caribbean 

Northwest Hawaiian Is 1 and s ( NWHI) 

Caribbean ( e x t i n c t  ? >  

SEA TURTLES 

Chelonia  
mydas Green sea 

t u r t l e  
T 
E 

Hawaii 
F l o r i d a  

Dermoc he  1 ys 
c o r i a c e a  

* E = Endangered 
T = Threa tened  

Lea the rback  I E  T r o p i c a l  P a c i f i c ,  Caribbean 
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S c i e n t i f i c  N a m e  

TABLE 12.--Continued. 

Common Name S t a t u s  D i  s t r  i b u t  i o n  

T 

T 

Lep idoche lys  
kemp i i 

Tropic  a1 c i r c  umg l ob  a1 

T r o p i c a l  c i rcumglobal  

Lep idoche lys  
o l i v a c e a  

i n o r n a  t us  

C a r e t t a  
c a r e t t a  

P u e r t o  Rican 
boa 

Kemp' s r i d l e y  

E l e u t h e r o d a c t y l u s  
j a s p e r i  

O l i v e  r i d l e y  

Golden coqui  T Pue r to  Rico 

Loggerhead 

I 
Cyc lu ra  
p i n q u i  s Anegada I s l a n d  

ground iguana 

Cvc lu ra  I 

OTHER REPTILES 

s t e j n e g e r i  

Ameiva 
polops  

E p r c r a t e s  

Car ibbean  -l------ 

Mona I s l a n d  
ground iguana  

S t .  Croix 
ground l i z a r d  

E 

T 

E 

E 

Vi rg in  I s l a n d s  

Puer to  Rico 

S t .  C r o i x ,  V i r g i n  I s l a n d s  

Pue r to  Rico 

Pe l ecanus  
o c c i d e n t a l i s  

Puf f i n u s  

Acroce pha l u s  
f a m i l i a r i s  
k ing  i 

~ 

* E 0 Endangered 
T Threa tened  

Brown p e l i c a n  

Newel's Manx 
s h e a r w a t e r  

N i  hoa mi l le r -  
b i r d  

Car ibbean ,  U. S.  west c o a s t ,  
Gulf c o a s t  

Hawaiian I s l a n d s  

Nihoa, Hawaiian I s l a n d s  
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- 
S c i e n t i f i c  Name 

TABLE 12.--Continued. 

Common Name S t a t u s  D i s t r i b u t i o n  

P s i t t i r o s t r a  
- 

c a n t  a n s  
c a n t  ans  

Anas - 
l aysannens i s  

Anas - 
w v v i l l i a n a  

P t erod r oma 
phaeopygia  
sandwichens is  

F u l i c a  
amer i c  ana  
a l a i  

- 

Himan t o m s  
h iman topus  
knudseni 

Ca 11 i n u l  a 
ch loropus  
s a n d v i c e n s i s  

Branta  
s a n d v s e n s  i s  

Capr imulgus 
n o c t i t h e r u s  

Amazona v i t t a t a  

Columba i n o r n a t a  
we t mor e i 

Agelaius  
xan t homus 

Falcon - 
p e r e g r i n u s  
anatum 

Laysan f i n c h  

Laysan duck 

Hawaiian duck 

Hawaiian dark-  
rumpled p e t r e l  

Hawaiian c o o t  

Jawai ian  s t i l  t 

Hawa i i a n  
g a l l i n u l e  

l awa i i an  goose 

Puerto Rican 
Whip-poor-will 

Puerto Rican 
P a r r o t  

? l a i n  Pigeon 

le l low- shouldered  
B 1  ac  kb i r d  

h e r  i c a n  
P e r e g r i n e  
Fa lcon  

BIRDS 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E* 

E 

E 

E 

Laysan,  Hawaiian I s l a n d s  

Laysan, Hawaiian I s l a n d s  

Ha wa i i a n  Is 1 and s 

Hawaiian I s l a n d s  

Hawaiian Is1 and s 

Hawaiian I s l a n d s  

l awa i i an  I s l a n d s  

l awa i i an  I s l a n d s  

? u e r t o  Rico 

? u e r t o  Rico 

? u e r t o  Rico 

'uer to  Rico 

qorth American, Ca r r ibean  

* E Endangered 
T = Threa tened  
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